Pollen competition and selection has significant evolutionary consequences, but very little is 13 known on how they can be modulated. We have examined in cherry (Prunus avium L.) how 14 pollen performance is affected by the genotype of the pollen and by the environmental 15 conditions where it grows, namely the pistilar tissue and temperature. The different pollen 16 donor genotypes tested in this work differed in their behaviour both in vitro and in vivo and 17 this behavior was modulated depending on the female recipient were they grew. Furthermore, 18
INTRODUCTION
between the sporophyte and the gametophyte, the two alternating generations of plants7 donor, 'Bing', on 8 different female recipients. The cultivar 'Bing' was used as a male donor 128 due to its high pollen performance in vitro. To maintain uniformity we used also the same 129 genotype as the female recipient. 
Statistical analysis 166
For statistical analysis, percentage data (germination percentage and success ratio) were 167 subjected to arcsine root square transformation. Prior to ANOVA, the data were tested for 168 normality using the Kolmogorov-Smirnoff's test and for homogeneity of variances with the 169 of covariance was carried out for the experiment of 8 female recipients pollinated by one 174 pollen donor, taking the stigmatic area as a covariable. Different models of factor 175 combinations with the covariable were examined (heterogeneity of slopes) (Silknitter et al., 176 1999) although only the model in which the covariable and its interactions could explain somevariation is presented; otherwise just the ANOVA is shown. In case of significant genotypetemperature interactions and for the analysis of covariance, means separation was carried out 179 using the lsmeans option. In case of no significant interaction in the analysis of variance, 180
Duncan's multiple range test was used for means separation. 181
182

RESULTS
183
In vitro pollen germination 184
The effect of two constant temperature regimes (15ºC and 30ºC) on the in vitro pollen 185 germination of 9 sweet cherry genotypes was evaluated and expressed as the percentage of 186 germinated pollen grains (Fig. 1) . The analysis of variance (Table 1) To evaluate to which extent these genotypic differences and the effect of temperature 194 recorded in vitro were consistent in vivo, the same batch of pollen from the 8 donors was used 195 to pollinate at the same time in vivo a single cultivar, 'Bing'. Self pollen was omitted due to 196 the self-incompatibility of this cultivar. 197
The GLM procedure (Table 2) (Table 2 ) and these two parameters were significantly correlated (r = 204 0.74, n = 157, P < 0.001). This may be related to the fact that small differences were recorded 205 among the pollen donors in the percentage of pollen germination (Fig. 2a) . In spite to the fact 206 that the same pollen was placed at the same time both in the stigmas and in the germination 207 medium, pollen performance in vivo and in vitro did not correlate. Overall, in vitro pollen 208 germination was slightly higher than that obtained in vivo. Moreover, the ranking order of the 209 different pollen donors between in vitro and in vivo germination was not maintained. Finally, 210 at each temperature, larger differences in germination percentages were recorded in vitro than 211 in vivo. In contrast to this, the number of pollen tubes that reach the base of style and, hence, 212 the success ratio, differed significantly among the male genotypes (Fig. 2b) ranging from 4.2 213 to 12.7 at 15ºC and from 1.3 to 10.0 at 30ºC. 214
Temperature affected significantly the adhesion of pollen grains to the stigmas ( Table 2 ). The 215 average number of adhered pollen grains was 677 at 15ºC and 962 at 30ºC. However a 216 significant temperature-genotype interaction was recorded and the effect of temperature was 217 significant for some genotypes. Higher adhesion at 30ºC resulted in a higher number of 218 germinated pollen grains, 375 at 30ºC versus 293 at 15ºC. The increase in the number of 219 germinated pollen grains was not proportional to adhesion since the percentage of 220 germination was reduced at the higher temperature, and this reduction was significant for only 221 one donor. However, this higher number of germinated pollen grains did not result in higher 222 numbers of pollen tubes at the base of the style, and a reduction in the number of pollen tubes 223 was observed in the style at higher temperatures. Regarding the success ratio, its value was 224 lower at the higher temperature for all but one genotype and averaged 7.2 at 15ºC versus 3.9 225 at 30ºC (Fig. 2b ). Temperature-genotype interaction was also significant for this parameter 226
indicating that the effect of temperature was genotype-dependent.
Performance of one pollen donor across different female recipients 229
To test if the female recipient had an effect on pollen performance, pollen from the same 230 pollen donor was used to pollinate eight different female recipients. The different female 231 genotypes showed a different capacity to adhere pollen grains and there were significant 232 differences among genotypes in pollen adhesion (Table 3) , which ranged from 404 to 1114. 233
The stigmatic area varied between the female recipients from 0.56 mm 2 in 'B. Provenza' to 234 1.00 mm 2 in 'Burlat'. This variation appears to contribute to the differences observed in 235 pollen adhesion since covariance analysis revealed a significant effect of the area (Table 3) . 236
Different models of factor combinations with the covariable were examined and the results 237 proved a significant effect of the covariable and its interaction on the female recipient 238 genotypes. While the genotype of the female recipient itself explained part of the variation, 239 the significant area-female recipient interaction implies that the magnitude of the increase of 240 pollen adhesion with area varies with the female genotype. 241
As in the previous experiment, small differences were recorded in the percentage of pollen 242 germination (Fig. 3a) . This resulted in a positive correlation between the number of adhered 243 and germinated pollen grains (r = 0.73, n = 155, P < 0.001) and to variable numbers of 244 germinated pollen grains that ranged from 128 to 406, depending on the female recipient. The 245 differences in the number of germinated pollen grains at the stigma were not taken over the 246 style in spite to the fact that clear and significant differences were recorded in the number of 247 pollen tubes reaching the base of the style and, hence, in the success ratio (Fig. 3b) depending 248 on the female genotype. 249
Temperature affected significantly pollen grain adhesion (Table 3) , but the different female 250 genotypes responded differently to this effect and, while adhesion increased at 30ºC for some 251 genotypes, it decreased for others. Indeed the recipient-temperature interaction was highly 252 significant indicating that the effect of temperature differed depending on the female 253 recipient. Temperature did no affect the number of germinating pollen grains (Table 4) and 254 affected significantly the percentage of germination in only one genotype (Fig. 3a) . However, 255 temperature had a reflection on the microgametophyte population that succeeded to reach the 256 base of the style. The success ratio ranged from 0.3 to 30.4 at 15ºC and from 0 to 10.9 at 257 30ºC. (Ganeshaiah & Uma Shanker, 1988). However, all stigmas did no appear to be equally 313 successful in capturing pollen and some stigmas appear to gather over two times more pollen 314 than others. This capacity appears to be related in part to the stigmatic area offered for pollen 315 adhesion. Clear genotypic differences were recorded for this parameter and some genotypes 316 had a stigmatic surface almost twice as large as that of others. A large stigmatic area may 317 clearly contribute to enhance pollen capture and, consequently, pollen competition in the 318 style. Nevertheless, the magnitude of the increase in pollen adhesion with area varied 319 depending on the female genotype. Moreover, despite correction of variation by the 320 covariable, the genotype of the female recipient still explains some variation in pollen 321 adhesion. These results suggest that pollen adhesion may not be a merely physical process, 322
and that other additional factors could potentially be operating. Although a significant genotype-temperature interaction for pollen adhesion and germination 346 at the stigma has been recorded, in this work genotype-temperature interaction was most 347 conspicuous for pollen tube growth in the style. In general, the higher temperature reduced the 348 number of pollen tubes that succeeded reach the base of the style, although the magnitude of 349 the effect is genotype-dependent, since some genotypes were more severely affected than 350 others. Previous work (Hedhly et al., 2004) reported a similar effect for another sweet cherrywarm conditions, was favored under high temperatures compared to pollen from 'Sunburst'. 353
The differences recorded here in relation to temperature among cultivars are not so 354 conspicuous. This may be related to the fact that the cultivars used in this work have a 355 narrower genetic variability for chilling requirements (900-1200 h) (Tabuenca, 1983) s.e.). Bars followed by the same letter within the same temperature are not statistically 568 different (P < 0.05). * denotes significant differences between temperatures within the same 569 genotype (P < 0.05). Duncan's Test for pollen germination and Lsmeans option for success 570 ratio. 571 
